Despite being an everyday sensory experience, the nature of astringency perception is not clear. In this issue of Chemical Senses, Schöbel et al. demonstrate that astringency is a trigeminal sensation in human, and astringents trigger a G proteincoupled pathway in trigeminal ganglion cells in the mouse.
If you accidentally bite into an unripe banana or persimmon, the drying and puckering feeling on your tongue and oral cavity is astringency. Astringency is a frequent sensory experience that can be caused by consumption of various food and beverages, including unripe fruit, nut skin, tea, and red wine (Figure 1 ). The major astringents from these sources are tannins, the naturally occurring plant polyphenols that are usually found in plant leaves, seeds, and fruit skins. Besides polyphenols, metal salts, acids, and dehydrating agents can also cause astringency (Green 1993) . Though astringency is primarily perceived as a disagreeable sensation, under certain circumstances astringency is desirable: it adds flavors to red wines and extends the finish, characteristics described using the term "smooth" by wine writers.
Astringency is typically discussed in the context of taste as it is an oral feeling and is usually caused by food. In fact, it was considered a basic taste modality in ancient Indian culture (Lochan 2011) . Nowadays, astringency is excluded from the widely accepted 5 basic taste modalities: salty, sour, umami, sweet, and bitter. These basic taste modalities are sensed by taste buds on the tongue, which relay sensory information to the brain through taste nerves, the chorda tympani and the glossopharyngeal nerve. In addition to the neural basis, we understand many aspects of the molecular basis of these basic tastes. Umami-, sweet-, and bitter-tasting compounds are detected by G protein-coupled receptors (GPCRs): T1R1/ T1R3 heteromer for umami (Nelson et al. 2002) , T1R2/ T1R3 heteromer for sweet (Nelson et al. 2001) , and T2Rs for bitter (Chandrashekar et al. 2000; Matsunami et al. 2000) . Epithelial sodium channels (ENaC) are partly responsible for salt sensation (Chandrashekar et al. 2010) . In contrast, both the neural and molecular bases of the astringency sensation remain elusive. It is debated whether astringency is a taste sensation, or a trigeminal sensation analogous to the spicy taste of hot chili peppers. It is unclear whether astringents trigger mechanosensation, chemosensation, or a combination of both. Furthermore, we do not know which receptor(s) recognize astringents, if there are any, or the signaling cascades downstream.
In this issue of Chemical Senses, Schöbel et al. took a step forward in unveiling the mysterious identity of astringency sensation and demonstrated that human astringency perception is likely a trigeminal rather than a taste sensation. In line with this, they showed that isolated mouse trigeminal ganglion (TG) cells responded to various astringents, including red wine fractions. The authors further dissected the downstream signaling underlying this response and demonstrated that a Gs-coupled pathway seems to be involved (Figure 2) . Astringent chemicals were reported to activate taste nerves in rodents (Schiffman et al. 1992) . However, it is not clear whether astringency sensation is associated with taste nerve activation. In this study, Schöbel et al. directly addressed this question with human subjects. Strikingly, astringency sensation was intact when the subjects' taste nerves were blocked by either nerve transection or local anesthesia, which almost completely abolished salty, sweet, sour, and bitter tastes. Only when the trigeminal and taste nerves were both blocked did the subjects lose their astringency sensation. Although it has yet to be demonstrated whether only blocking the trigeminal nerve would lead to the loss of astringency sensation, the available evidence argues that astringency is a trigeminal sensation in humans.
After demonstrating that astringency is more likely a trigeminal sensation for humans, Schöbel et al. went on to investigate the relevant signaling pathways. The traditional view on astringency focuses on mechanosensation: the astringents react with salivary proteins, especially prolinerich proteins, causing them to precipitate, and the resulting loss of lubricity leads to the tactile feeling associated with astringency in the mouth (Baxter et al. 1997) . However, it is less clear if astringents can be directly detected by chemosensors. In line with the involvement of trigeminal chemical senses in astringency sensation, Schöbel et al. showed that isolated mouse TG cells displayed calcium responses to a variety of astringents, though not to all the tested astringents. Using this system, Schöbel et al. discovered that the activation of TG neurons by an astringent, epigallocatechin gallate (EGCG), is not dependent on transient receptor potential (TRP) channels that respond to traditional trigeminal stimuli such as temperature and capsaicin. Instead, the EGCG-induced TG neuron activation requires a G proteincoupled signaling, in particular the Gs-adenylyl cyclasecyclic nucleotide-gated (CNG) channel cascade, reminiscent of the olfactory pathway. These results obtained under the ex vivo settings do not disprove the traditional salivary protein precipitation theory. However, they do provide an attractive alternative or additional hypothesis for further investigation using genetic and molecular biological approaches.
The study by Schöbel et al. also raises several interesting questions. For instance, it is well established that oral movement facilitates the astringency sensation. How do chemosensors for astringents fit in this scenario? Moreover, given that a Gs-coupled pathway is involved, what could be the receptors for astringents? Transcriptome analysis in TG cells detected many GPCRs, some of which are orphan receptors specific for the TG (Manteniotis et al. 2013) . Given the diverse nature of astringents, it is possible that astringency is a more complex sensation and that astringents are detected by multiple sensory mechanisms (Lee et al. 2012) . If so, caution should be taken when interpreting the results obtained from one astringent to another. Nevertheless, the study by Schöbel et al. represents an important step forward toward understanding this enigmatic sensation.
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